At a time when women remain significantly underrepresented in many science, technology, engineering, and mathematics (STEM) fields in college and in the workforce
INTRODUCTION
In the 1990s, reports such as How Schools Shortchange Girls (American Association of University Women [AAUW], 1992) and Failing at Fairness: How Schools Cheat Girls (Sadker and Sadker, 1994 ) raised awareness about persistent gender bias in K-12 coeducation by reporting that male students received the majority of teachers' time and attention, participated more in the classroom, and were more likely to receive increased feedback and criticism from instructors than were their female peers. Gender inequities in the classroom were found to be even more pronounced in traditionally male subject areas such as math, science, and technology (AAUW, 1992; Lee et al., 1994) . Such reports heightened concerns about whether coeducational schooling was inhibiting the opportunities and potential of female students, leading a growing number of students, parents, and educators To contribute new evidence to the debate over single-sex education, and given interest in promoting women's participation in STEM, this study addresses the role that single-sex secondary education plays in preparing women for STEM majors and careers by examining levels of math and computer self-concept among single-sex and coeducational secondary school alumnae at the point of college entry. Further, the study questions whether differences between single-sex and coeducational alumnae are a function of school gender or can be explained by other characteristics of single-single-sex schools and the students who attend them.
BaCkgROUND

gender, Stem, and Self-Concept
Numerous studies have documented the difficulty of recruiting and retaining women in STEM (e.g., Sax, 2001; Seymour and Hewitt, 1997; Sonnert, 1995) . Though the gender gap has narrowed, especially in the biological sciences which now attract more women than men, women are far from reaching parity in many STEM fields. For example, women represent 19.5% of total undergraduate degrees and 20.2% of doctoral degrees awarded in engineering fields (NSF, 2008) . Women also comprise only 20.4% of the undergraduate degrees and 21.3% of doctoral degrees in computer science (NSF, 2008) . In mathematics, although women have come closer to reaching parity at the bachelor's degree level (44.9%), they remain significantly underrepresented among doctoral recipients in this field (29.6%) (NSF, 2008) .
Such disparities are important not only from the perspective of gender equity but also because achieving workforce diversity ultimately benefits STEM fields (Lewis et al., 2000) . For example, engineering and computer science are creative endeavors that often require innovative solutions to practical problems, yet these fields' ability to tackle such problems is inherently limited by the perspectives of those who are involved in the design process (Papadopoulos, 2006) . In that sense, the quality and competitiveness of many STEM fields is directly affected by the lack of gender diversity in the talent pool (Handelsman, et al., 2005; Margolis and Fisher, 2002; Papadopoulos, 2006; Wulf, 2001) .
Among the many possible explanations for women's underrepresentation in STEM fieldsincluding societal expectations, classroom climate and pedagogy, and lack of early preparation (Sax, 2001; Sonnert, 1995) -is the fact that women have historically demonstrated less confidence in their STEM-related skills (Sax, 1994a (Sax, , 2008 . Research has shown that women's selfreported intellectual and math abilities fall significantly short of men's and that women underestimate their measured abilities (Sax, 2008) . Women also report less confidence in their computer skills, especially in the area of computer programming (Margolis and Fisher, 2002) . Further, gender gaps in math self-concept and other aspects of academic self-concept tend to intensify during the college years (Sax, 2008) . A lack of confidence in STEM-related skills has important implications for the decisions women will make about which majors and careers to pursue in college (Huang and Brainard, 2001) . Thus, it is unlikely that the underrepresentation of women in STEM fields can be ameliorated without attention to the development of STEM-related confidence in women before they enter college.
Single-Sex Education and STEM Preparation
In recent decades, several major reviews have attempted to summarize what is known about the "effects" of single-sex education for both boys and girls (see Morse, 1998; Salomone, 2006; US Department of Education, 2005) . As these reviews have shown, the evidence regarding effects of single-sex education is generally mixed across a range of outcomes, including those related to STEM. For example, some research suggests that women who attend single-sex schools tend to demonstrate less stereotypical attitudes about male and female gender roles when compared to their same-gender peers who attend coeducational schools . Other research, however, has found no significant differences between single-sex and coeducational students' attitudes toward women or sex-stereotyped activities (Karpiak et al., 2007; Lee and Marks, 1990) .
Of particular interest to this study is research on the role that single-sex education plays in promoting women's interest in traditionally male subjects such as math, science, and technology. More often than not, research demonstrates a positive relationship between single-sex education and STEM-related achievement and attitudes. For example, compared to women attending coeducational schools, women at single-sex schools have been shown to have more favorable views toward traditionally male subject areas, such as mathematics (Streitmatter, 1999) , and to be less likely to pursue traditionally female fields or college majors (such as nursing, education, and library science) (Thompson, 2003) . Further, at Catholic single-sex schools in particular, found girls to be more strongly encouraged to enroll in math courses than their coeducational peers, and to report overall higher levels of math and science achievement (Riordan, 1985) .
Other research, however, has not supported the notion that single-sex environments promote women's STEM-related achievement and orientation. For example, Conway (1996) reported no significant differences in mathematics achievement, as measured by SAT scores, when comparing students in Catholic single-sex and coeducational schools. Additionally, Shmurak (1998) reported that girls at coeducational schools actually took more science courses when compared to girls attending single-sex schools. Lastly, Gupta and Houtz (2000) found that girls who attended coeducational schools showed higher levels of interest in information technology (IT) and ranked their ability to acquire IT skills higher than girls in single-sex schools, further highlighting the wide variation of student outcomes in single-sex education research.
When it comes specifically to the role of single-sex education and self-concept in STEM, the literature is sparse. Sullivan's research on students in Great Britain does suggest marginal positive effects of single-sex education on female students' math self-concept. Similarly, Cipriani-Sklar (1996) reports higher levels of math and science self-concept for female students at a single-sex Catholic high school compared to a coeducational public school. However, most research on singlesex education has looked at academic self-concept broadly speaking (e.g., Marsh, 1991) , yielding results that indicate a positive role of single-sex schooling, though there are still too few studies on this topic to draw firm conclusions (US Department of Education, 2005).
What Matters: School gender or School Context?
As evidenced from the somewhat mixed findings noted above, the question of "single-sex versus coeducation" is inconclusive when it comes to STEM-related outcomes or aspects of academic self-concept. These discrepancies are likely due to the difficulty of distinguishing the effects of school gender from the effects of other forces, such as self-selection into single-sex schools and the unique conditions-other than gender composition-that may be present in single-sex schools (Arms, 2007) .
Selection bias is an especially important consideration when conducting research on singlesex schooling (Thompson, 2003) . Lee and Marks (1992) were among the first to reveal the choice to attend a single-sex secondary school as a function of factors such as religiosity, student and family educational background, and the value placed on the academic opportunities provided by the choice of secondary school. Riordan's (2002) research supports that finding and asserts that positive outcomes found to be associated with single-sex schooling may have more to do with a "proacademic choice" among parents than with school gender itself (Riordan, 2002, p. 16) . In other words, many families may select single-sex schools because they seek academically rigorous settings for their daughters and specifically because they believe these schools will provide an environment where their daughters will thrive in science. Thus, higher STEM-related selfconcept at single-sex schools may be a byproduct of self-selection.
It is also critical to consider whether differences between single-sex and coeducational graduates are a function of the school's gender composition or perhaps from other mediating factors that differ across school settings, such as school size, curriculum, selectivity, or peer group characteristics (Bryk et al., 1993; Hubbard and Datnow, 2005; Lee, 1997; Riordan, 2002) . As elaborated by Salomone (2006) , "How can we be certain that the outcomes (of single-sex schooling) are due to program or school organization itself and not to student background differences such as preparation and motivation; or family education, resources, and involvement; or school, teacher, and classroom related factors?" (p. 796).
This study aims to addresses both selection bias and institutional context as major alternative explanations for the role of school gender. Selection bias is addressed (to the extent possible given available data) by controlling for student background characteristics such as family income, parental education, race/ethnicity, and religion. Care is also taken to distinguish the unique predictive power of school gender from the role played by mediating factors such as the school's religious affiliation, size, location, and characteristics of enrolled students (e.g., engagement in various academic and extracurricular activities). Ultimately, if math and computer self-ratings differ between single-sex and coeducational schools, we will have an indication as to whether there is a unique role played by school gender, or if such differences are at least partially attributable to self-selection bias or the unique institutional and peer characteristics at single-sex schools.
Theoretical Perspectives
Though existing theories do not specifically articulate a relationship between-school gender and self-concept, this study is guided by Herbert Marsh's seminal work on self-concept formation, which suggests that educational and peer context matters in the formation of students' academic self-concept. As elaborated by Marsh's (1986 Marsh's ( , 1990 internal/external frame of reference model, students' self-ratings on specific abilities are influenced by their perceived abilities in other domains (internal) as well as their perceptions of others' abilities (external). The external comparison is also referred to as the "Big Fish Little Pond" effect (Marsh and Hau, 2003) , suggesting that students will have higher self-concepts in environments where the average peer group ability is lower, and lower self-concepts in settings with higher-achieving peers. In this study, the school is considered a vital "external" context by virtue of the characteristics of the students enrolled (peer context) as well as the school's gender (single-sex or coeducational). Marsh's theory of self-concept development was also applied to Sullivan's (2009) work on the effects of single-sex schooling on academic self-concept for students in Great Britain.
However, the influence of normative comparison is likely not the only process operating here, as higher self-concepts in all-female settings may also result from the more supportive academic climate that tends to exist in female-dominated settings (Sax, 1996) . Indeed, other research supports the notion that, even in coeducational settings, female students' academic self-concepts are enhanced by environments with greater proportions of female students (Sax, 1994a) , in part because these environments are generally less competitive (Sax, 1996) .
OBJECTIVES
1. This study contributes new data to the debate on single-sex education and its role in preparing women for their college careers by focusing specifically on women's selfratings of their mathematical and computer skills. The study focuses on the following questions:To what extent does attendance at a single-sex secondary school predict math and computer self-concept among women entering college? 2. To what extent does the predictive power of school gender on math and computer self-concept depend on the confounding influence of: (a) students' demographic and educational backgrounds, (b) high-school characteristics, and (c) high-school peer contexts?
METHODS
Sample
The data for this study come from the 2005 Cooperative Institutional Research Program (CIRP) Freshman Survey, an instrument completed by 263,710 students at 385 colleges and universities nationwide (Pryor, et al., 2005 is thought to be the most current and comprehensive dataset on public and private US high schools, and it includes a high-school gender variable identifying whether high schools in the dataset are coeducational or single-sex. The College Board dataset also includes other variables such as the schools' minority student population percentages, AP course offerings, and students' postgraduate plans. Because several high schools in our sample did not report their minority student population to the College Board, we turned to the Department of Education private school data for that additional information. Ultimately, we created an educational database that combines wideranging characteristics of students with those of the high school and college they attended. For the purposes of this study, we identified a subset of women who attended private high schools, including 6842 women who graduated from 250 all-girls high schools and 19,327 women alumnae of 2047 coeducational high schools. Because Catholic high schools tended to overpower the sample, we further disaggregated the single-sex and coeducational school samples into three categories: independent, Catholic, and "other" religious affiliation. Students attending schools with "other" religious affiliations (e.g., Episcopalian, Jewish, Quaker, Islamic, etc.) were eliminated, as such categories were each insufficiently small for hierarchical linear modeling (HLM) analysis, yet too varied a group to be included as a stand-alone comparison. After accounting for missing data on the dependent variables and demographic information, the final analytic sample consisted of 18,814 students, including 825 women from 33 independent single-sex high schools (who are compared with 4515 women from 324 independent coeducational high schools), as well as 5674 women from 176 Catholic single-sex high schools (who are compared with 7800 women from 430 Catholic coeducational high schools).
Variables
This study analyzes two dependent variables: students' self-rated ability in computer skills and their self-rated abilities in mathematics, both of which come from the 2005 Freshman Survey.
The rationale for focusing on math and computer self-ratings is first that, despite the fact that women tend to underrate themselves (Sax, 2008) , self-perceptions of abilities represent important predictors of pursuing STEM majors and careers (Eccles, 1994; Huang and Brainard, 2001; Marra et al., 2009) . Second, math and computer self-ratings represent some of the largest and most enduring gender gaps among students entering college (Sax, 2008) . Thus there is validity in identifying educational environments that encourage beliefs in one's math or computer abilities, or at the very least, a willingness to report stronger self-assessments. As discussed by Marsh and colleagues, stronger perceptions of one's abilities are likely to enhance one's actual abilities (Marsh and Martin, 2011; Marsh and Yeung, 1998) .
Both dependent variables are measured on a five-point scale reflecting students' self-assessment of their mathematical ability or computer skills as compared to the "average person" their age, with response options ranging from "lowest 10%" to "highest 10%." Given this measurement, math and computer self-ratings are considered in this study to be indicators of "self-concept," which is consistent with Marsh's work and with Bong and Skaalvik's (2003) understanding of academic self-concept as measuring perceived competence in a specific domain in a normative way. However, we acknowledge the limitation of using single-item indicators of self-concept and did consider creating a math/computer self-concept indicator; however, the two items did not correlate highly enough with each other to justify creating a composite measure (r = 0.15). Further, although math confidence has been shown to correlate with other aspects of academic self-confidence, prior research using similar data has shown that utilizing math self-rating as a single-item indicator reveals more valid results in understanding women's experiences in STEM (Sax, 1994a; 1994b; 1994c) .
In selecting independent variables we aimed, to the extent possible, to overcome some of the limitations plaguing prior research on single-sex schooling. Thus we included the following variables: (a) student background characteristics to help account for self-selection bias, as students are not randomly assigned to single-sex educational settings; (b) high-school characteristics that can help delineate the role of school gender from that of other school features; and (c) measures of the high-school peer context to further distinguish the unique role of school gender. Independent variables are further elaborated below, and Table 1 provides means, standard deviations, and ranges for all variables used in the analyses. Appendix A provides a comparison of means specifically between single-sex and coeducational schools.
Student Background Characteristics.
To account for some differences in the characteristics of students who enroll in single-sex and coeducational schools, the models control for race/ethnicity, parental education, parental income, and students' religious affiliation. The models also account for students' precollege achievement by controlling for their composite SAT scores and high-school GPAs. To ascertain what student behaviors contribute to self-concept in math and computer skills, we control for a variety of precollege experiences, including time spent studying, time spent talking with teachers, time spent socializing with friends, frequency of personal computer use, and frequency students felt bored in class, among others.
High-School Characteristics
The primary independent variable in the analyses is a dichotomous variable indicating whether a high school is single-sex or coeducational. At the institutional level, we also control for a number of structural characteristics of the high school, including enrollment, region, the proportion of students of color, the counselor-to-student ratio and whether the school offered AP courses in science, technology, or math. 
Peer Context
Peer context was measured by aggregating a number of student-level variables up to the highschool level using female responses at single-sex schools and both male and female responses in the calculation for coeducational schools. These peer aggregates were based on an average of 16 cases per independent school and 20 cases per Catholic school. Variables include indicators of school selectivity (average high-school grades and SAT scores), as well as the average amount of time students spent studying, talking with teachers, using computers, tutoring other students, etc., during their last year in high school. The ultimate goal was to see whether these contextual effects relate to students' math and computer self-concept above and beyond each student's individual experiences and other measures of school type.
aNaLYSIS
To address the first research question, means and distributions on each dependent variable were compared between single-sex and coeducational alumnae using t-tests and chi-square analysis. These comparisons were conducted separately within independent and Catholic school sectors.
Next, because our data feature students clustered within high schools, we relied on HLM to address the second research question. HLM appropriately separates variance associated with groups (schools) and individuals (students) (Raudenbush and Bryk, 2002) . By separating schooland student-level variance, we can more accurately estimate the effects of individual experiences and contextual influences (Raudenbush and Bryk, 2002) . Additionally, hierarchical models reduce the chance that analysts will make a type I statistical error of falsely concluding the significance of a parameter (Raudenbush and Bryk, 2002) .
When using HLM, researchers need to determine the proportion of variance attributed to schools, which can be found by calculating the intraclass correlation (ICC) for each outcome. Because this study analyzes two outcomes (math and computer self-ratings) across two groups (Catholic and independent high schools), we report four ICCs.
We built our models in several steps. First, we ran fully unconditional models to determine the ICCs for each outcome variable for each group. Next, we added only students' demographic characteristics. We then included students' high school experiences to complete the level-1 model. To begin building the level-2 model, we started with the single-sex high-school variable; next, we added the structural characteristics of the high school to the level-2 model. Finally, our full model contains all level-1 predictors previously described as well as a level-2 model that includes the single-sex variable, high-school structural characteristics, and aggregated student-level highschool experiences (i.e., measures of peer context).
Finally, when using HLM, it is important to give consideration to how variables are centered. Because we are interested in examining whether contextual effects of the institution have a significant association with the dependent variables above and beyond students' individual experiences, we have group-centered students' high-school experiences at level 1 and grand centered them at level 2. Group centering involves subtracting the school mean of the variable from the student value, whereas grand-mean centering subtracts the mean of the variable for the entire sample from the student value of the variable (Raudenbush and Bryk, 2002) . Centering at level 1 affects the interpretation of the intercept; thus the intercept for our models is interpreted as the average score for math or computer self-ratings for the average student within school j. All dichotomous variables remain uncentered in the models. Table 2 displays distributions for mathematical and computer self-ratings, and involves two primary comparisons: (1) graduates of single-sex versus coeducational private independent high schools, and (2) graduates of single-sex versus coeducational private Catholic high schools. Both in terms of average ratings and the distribution across self-ratings within each variable, the results in Table 2 indicate that, regardless of school religious affiliation, women who graduated from single-sex high schools demonstrate higher levels of math and computer self-concept. The following section examines whether these significant differences remain after accounting for students' background characteristics as well as qualities of students' high schools. 
RESULTS
Descriptive analyses
Multilevel analyses
For each subgroup for each of the two dependent variables, we first report the ICCs that represent the proportion of total variability in the outcome variable that is due to differences between schools. The results in Table 3 indicate that the ICCs for math and computer self-ratings for independent schools and their associated students were 3.9% and 3.8%, respectively. For Catholic schools and their associated students, the ICCs for math and computer self-ratings were 2.2% and 3.8%, respectively. These figures suggest that between 2.2% and 3.9% of the variance in the outcome variables can be attributed to school-level effects. Overall, these ICCs suggest that only a small proportion of the variance in students' math and computer self-concept is attributable to differences among high schools. Though the between-school variance is relatively small, how much of it is explained by the school-level predictors (including school gender) examined in this study? When it comes to math self-ratings, institutional predictors account for 72% of the level-2 variance for independent schools and 56% of the level-2 variance for Catholic schools. For computer self-ratings, institutional predictors account for 33% of the level-2 variance for independent schools and 40% of the level-2 variance for Catholic schools. Thus, school-level variables account for a moderate-to-significant proportion of the variance across schools in women's math and computer self-ratings. The extent to which school gender contributes to the prediction of these self-ratings is the focus of our study.
Tables 4 and 5 report the results of the HLM analyses for both outcomes (math and computer self-ratings) for the independent and Catholic school samples, respectively. Given the purpose of this study, results are shown after controlling for the following three blocks of variables: (1) students' demographic and educational backgrounds, (2) high-school structural characteristics, and (3) high-school peer contexts. Examining the predictive power of school gender at each of these steps allows us to assess both the unique and shared role of this school-level feature. In addition to reporting the significance of school gender, we also discuss the specific contribution of the high-school peer contexts, as their inclusion is a unique contribution of the present study. Thus the presentation of results focuses primarily on the role of school-level variables, with less attention to the predictive power of individual-level variables. 
Independent Schools and Math Self-Concept
The results in Table 4 show that attendance at an independent single-sex high school predicts higher math self-ratings for women even after accounting for the effects of student background characteristics (block 1), high-school characteristics (block 2), and high-school peer context (block 3): b 1 = 0.14***; b 2 = 0.16***; b 3 = 0.13*. Further, the stability of these coefficients suggests that whatever role independent single-sex schools play in promoting women's math selfconcept is unrelated to student, school, or peer characteristics. In fact, no peer context variables contributed to students' math self-concept, including measures of institutional selectivity (average high-school grades and SAT scores).
Independent Schools and Computer Self-Concept
Table 4 also shows that attending independent single-sex schools correlates with higher selfratings of women's computer skills: b 1 = 0.16***; b 2 = 0.18***; b 3 = 0.24***. As with math self-ratings, the predictive power of school gender remains significant even after controlling for the effects student background characteristics, high-school characteristics, and high-school peer context. Several aspects of the peer climate within each school also contribute to students' ratings of computer ability, including two which distinguish single-sex from coeducational independent schools: the negative effects of peer groups who are more academically disengaged ("bored in class") and who spend more time working for pay. Each of these contexts is less prevalent at single-sex independent schools, where students are less likely to report being academically disengaged or working for pay (see Appendix A). This finding is interesting, since it suggests that higher computer self-ratings at independent single-sex schools cannot be attributable to the fact that students attending these schools engage in certain behaviors that also benefit computer self-concept. It should also be noted that one peer context variable positively predicts computer self-ratings but is not more prevalent at single-sex schools: the amount of time that students spend playing video games (which is more prevalent in coeducational settings given the fact that male students engage in this activity far more often than do female students [Sax, 2008] ). In other words, we might expect the positive association between single-sex schools and computer self-ratings to be even stronger if it weren't for the fact that the computer "gaming" culture is less prevalent in all-girl schools. Finally, as with math self-ratings, selectivity does not correlate with computer self-ratings, nor does it account for the predictive power of school gender. Table 5 reports the results of the HLM analyses for women who had graduated from Catholic single-sex and coeducational secondary schools. In this case, although the descriptive analyses reveal higher math self-ratings for women at Catholic single-sex schools, school gender demonstrates weak predictive power once other variables are controlled: b 1 = 0.02; b 2 = 0.04*; b 3 = 0.05. This suggests that higher math self-concept for women at Catholic single-sex schools is primarily attributable to the effects of student-level variables. In particular, as shown in Appendix A, women attending Catholic single-sex schools are more likely than their coeducational counterparts to possess characteristics predictive of higher self-ratings: identifying as Asian American and tutoring other students. They are also less likely than women at Catholic coeducational schools to report feeling bored in class, which itself corresponds to lower math self-ratings. Accounting for the predictive power of these and other student-level variables usurps the predictive power of school gender. Finally, though the role of school gender is unrelated to school characteristics, it is worth noting that math self-ratings tend to be higher for students attending Catholic high schools where the peer group's GPAs are lower. This is the only finding in the present study which supports Marsh's theory on the role of school selectivity in the development of self-concept; however, school selectivity plays no part in explaining the predictive power of school gender. Table 5 shows that, for women from Catholic high schools, the positive association between single-sex schooling and computer self-concept remains significant throughout the analysis: b 1 = 0.13***. b 2 = 0.13***, b 3 = 0.15***. These results suggest that the higher computer self-ratings for women from Catholic single-sex schools (relative to Catholic coeducational schools) are not accounted for by student background characteristics, high-school characteristics, or peer context. Two peer contextual variables also relate to computer self-concept: the frequency of asking teachers for advice (which relates negatively to computer self-ratings) and the time that students devote to computer use (which relates positively to computer self-ratings). In other words, the study reveals that while these peer group characteristics predict computer self-ratings for women, they do not account for the predictive power of school gender. In sum, the findings suggest that single-sex secondary schools correlate with higher math and computer self-ratings for women entering college and that, with the exception of math self-concept for women at Catholic schools, the relationship remains significant even after controlling for differences in students' background, high-school characteristics, and high-school peer contexts.
Catholic Schools and Math Self-Concept
Catholic Schools and Computer Self-Concept
LIMITaTIONS
Before moving to a discussion of the findings, it is important to acknowledge several limitations to this study. First, the ICCs demonstrate that only a small proportion of variance in both math and computer self-ratings is due to differences between students' high schools. Nevertheless, the results help us to understand what role is played by school gender and high-school contexts in contributing to these measures of self-concept. Still, it is clear that students' ratings of their math and computer skills are largely determined by students' individual characteristics and experiences.
Second, our data are cross-sectional, as we lack indicators of math and computer self-concept from before these women's exposure to single-sex schooling. Thus, even though school gender statistically "predicts" math and computer self-ratings, causality cannot be determined. Given issues of self-selection into single-sex schools, it is possible that women who enroll in single-sex schools start out with higher levels of STEM-related confidence, especially given that single-sex schools often emphasize science and math preparation in recruitment materials. This is consistent with Riordan's (2002) depiction of single-sex schools as places that attract students (and parents) seeking a strong college preparatory curriculum and providing an academic foundation for women to succeed in historically male-dominated fields.
Third, peer context measures were derived solely from respondents at each high school who responded to the 2005 Freshman Survey. Thus, these measures of high-school climate exclude students who did not attend a college that participated in the 2005 Freshman Survey as well as those who did not attend college at all. The latter exclusion suggests that the peer climate variables may overstate the academic caliber of students at each high school.
Fourth, though the present study minimized self-selection bias by controlling for a variety of student background characteristics that distinguish single-sex from coeducational populations, it is not possible to account for all factors that predispose women to attend single-sex schools. Further, though the data provided by the College Board and Department of Education did offer an opportunity to examine the role of many high-school characteristics, the CIRP was not designed to focus on questions of high-school impact. Thus we did not have data on other school features that could account for the effect of school gender, such as school mission and leadership, teacher attitudes about women in science, course content, and pedagogy. As suggested by Riordan (2002) , factors such as more equitable curricula, more favorable student-teacher interactions, and more active pedagogy may help to explain why we observe certain advantages to single-sex education. Nevertheless, the present study includes a greater combination of student-level and school-level variables than have existed in other studies on this topic.
SUMMaRY aND IMPLICaTIONS
This paper draws from a large national dataset on entering college students to assess the role that single-sex schooling plays in preparing women to enter college with confidence in their math and computer abilities. The study also aims to clarify the extent to which significant differences between single-sex and coeducational graduates are due to other characteristics of those schools or the students who attend them. The multilevel analyses suggest that all-girl secondary schoolswhether independent or Catholic-affiliated-produce graduates who enter college more confident in their mathematical and computer skills than women from equivalent backgrounds who attend coeducational schools.
For the most part, the small positive coefficients for single-sex schools remain significant even after accounting for the predictive power of student background, school characteristics, and aggregated measures of peer context within each school. In one case-Catholic schools and the prediction of math self-concept-we find that school gender is not significantly associated with self-ratings once student-level variables are controlled.
Finally, results provide little support for Marsh's theory of the role of selectivity in selfconcept development. With one exception, our measures of school selectivity-average highschool grades and SAT scores of the student body-generally did not predict math or computer self-ratings. Further, in all cases, school selectivity was unrelated to the predictive power of school gender.
Implications Policy, Practice, and Research
The weight of evidence in this study suggests a positive role of single-sex education in the preparation of women for STEM fields, as higher math and computer self-concepts upon college entry increase the likelihood that women will pursue STEM in college and careers (Huang and Brainard, 2001; Marra et al., 2009) . Proponents of single-sex education might look to these results as evidence of a positive "impact" of single-sex schooling, which could be used to justify more single-sex classes and schools. However, the findings from this study do not provide unilateral support for separate-gender education.
First, single-sex education is not a monolithic enterprise. It involves more than merely separating the sexes into different schools or different classrooms within coeducational schools. Practitioners and policymakers need to consider carefully how they implement single-sex settings with respect to curriculum, pedagogy, and culture. Though this study could not identify institutional or peer context variables that account for the apparent single-sex effect, there is also not enough evidence to conclude that self-concept differences are due solely to gender composition. Thus, future research should continue to distinguish between the effects of school "gender" from effects associated with school "climate," as determined by school mission and leadership, peer context, teacher attitudes, course content, pedagogy, student leadership opportunities, and a myriad of other forces that can also contribute to student outcomes. To the extent that school "climate" rather than school "gender" explains the benefits of single-sex education, research would then need to address the extent to which successful elements of single-sex education could be replicated in coeducational settings. The latter is a particularly murky question, given the difficulty of disentangling single-sex settings from the environments they create. However, it is perhaps the most important question from a policy perspective: If the single-sex "effect" can be explained by features that are replicable in coeducational settings, then it may obviate the need for separate-gender education, a condition which critics will argue exacerbates sex-based stereotypes (Williams, 2010) , even if it does boost self-concept in STEM.
Future research should also aim to minimize self-selection bias by knowing why students chose to attend (or not to attend) a single-sex high school. Are math and computer self-ratings higher for single-sex students because they or their parents have made a "proacademic choice," as suggested by Riordan (2002) ? Are these students and their parents intentionally selecting an environment that will promote self-confidence in math and science? To the extent possible, research on single-sex education must address issues resulting from self-selection bias.
Finally, this study was conducted exclusively on women attending private independent and Catholic high schools. The current policy debate over single-sex schooling is less focused on the private sector and more focused on single-sex education in the public sector. Federal legislation enacted in 2006 allows for public schools to experiment with single-sex classrooms, and even entire single-sex schools, but such settings differ from private single-sex schools in a variety of important ways, including history, mission, and student populations. As discussed by Williams (2010) , federal legislation emphasizes the potential to improve educational experiences and opportunities for students from underserved backgrounds, and yet single-sex schools and classrooms are on the rise, not all of them intended to serve disadvantaged populations. Thus, there is great variety within single-sex public settings, none of which should be equated with the single-sex schools examined in this study. Public single-sex education is clearly an area ripe for research in its own right and should also take into account the multiple considerations that are addressed in this study-such as student background, school characteristics, and peer context-as well as other contextual factors that this study could not address.
CONCLUSION
At a time when women remain underrepresented in most STEM majors and careers, the development of math and computer self-concept is critical. This study provides evidence that singlesex education may be one strategy for mitigating longstanding gender gaps in STEM. This is certainly one of the stated purposes of single-sex education, though it is important to remember that the effects observed in this study are quite small and do not completely account for the role of self-selection bias and other confounding influences. While advocates of single-sex education may view these results as an affirmation of their efforts to create environments that promote women's confidence to enter historically male-dominated fields, critics may argue that the apparent marginal benefits do not justify the potential threats to gender equity brought on by academic sex-segregation. Further, even if single-sex education does produce graduates who are more confident upon entering college, we do not yet know whether such benefits persist over time. Thus, while findings from this study suggest small benefits of single-sex education, future research in higher education will need to address whether STEM-related self-concept differences between single-sex and coeducational graduates persist over the course of college and whether they translate into differential major and career preferences. 
Independent schools
